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INTRODUCTION

The Northwest Power Planning Council Master Plan for the

Yakima/Klickitat Fisheries Project was developed in 1987 to test

the assumptions that artificial production can be used to 1)

increase harvest opportunities, 2) enhance the natural production

of depleted stocks in the Yakima and Klickitat Basins, and 3)

maintain genetic resources (Cl&e and Dauble 1991). In addition,

the plan proposed the development and implementation of a program

to monitor the status and productivity of salmon and steelhead in

the Yakima and Klickitat Basins.

As part of the presupplementation planning, baseline data on

the productivity of spring chinook salmon (Oncorhynchus

tshawytscha) in the Yakima River have been collected (Fast et al.

1991). However, for adult salmonids, data on habitat use, delays

in passage at irrigation diversions, migration rates, and

substock separation have not been collected.

In 1991, the National Marine Fisheries Service (NMFS) began

a 2-year radio-telemetry study of adult spring chinook salmon in

the Yakima River Basin.

Specific objectives of the study were to:

1) Determine spawning populations' run timing, passage

patterns at irrigation diversion dams, and morphometric

characteristics.to determine where and when substocks

become separated.

2) Evaluate fish passage at Yakima River Basin

diversion dams including Prosser, Sunnyside, Wapato,

Roza, Town Diversion, Easton, Cowiche, and Wapatox Dams.
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3) Determine spring chinook salmon migration rates between

Yakima River Basin dams, prespawning behavior, temporal

distribution, and habitat utilization.

4) Identify spawning distribution and timing of spring

chinook salmon.

5) Determine the amount and cause of prespawning mortality

of spring chinook salmon.

6) Evaluate adult fish-handling procedures for the right-

bank, adult-trapping facility at Prosser Dam.
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MATERIALS AND METHODS

Study Area

The Yakima River flows 349 km southeast from its headwaters

in the Cascade Range (elevation 746 m) to its confluence with the

Columbia River (elevation 91 m) near Richland, Washington,

draining an area of 15,941 km* (Fig. 1). Its major tributaries,

with the exception of Satus and Toppenish Creeks, join the river

upstream from Yakima, Washington. The largest tributary to the

Yakima River is the Naches River, which drains an area of

2,865 km2 and enters the Yakima River 0.5 km upstream from the

city of Yakima. Major tributaries to the Naches River include

the Little Naches, Bumping, and American Rivers, which form its

headwaters, and the Tieton River and Rattlesnake Creek. Major

tributaries to the upper Yakima River include the Teanaway and

Cle Elum Rivers.

Nine major diversion dams control water flow in the basin

and provide irrigation to over 200,000 cultivated hectares. On

the Yakima River these dams are Horn Rapids (River Kilometer

(Mm) 291, Prosser (RKm 75.8), Sunnyside (RKm 167.1), Wapato (RKm

171.6), Roza (RKm 205.9), Town Diversion (RKm 258.6), and Easton

(RKm 326) Dams. The major diversion dams on the Naches River are

Cowiche (RKm 5.8) and Wapatox (RKm 27.5) Dams. All of these dams

have adult fish-passage facilities.

In addition to the irrigation diversion dams, reservoirs on

the Yakima and Naches Rivers regulate flows and store water

during the winter to supplement irrigation from March through



Figure 1. --Map of the Yakima River Basin showing irrigation
diversion dams, monitoring sites, collection and
tagging location, and release site.
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October. These reservoirs include Keechelus and Kachess on the

Yakima River, Cle Elum on the Cle Elum River, and Rimrock and

Bumping Reservoirs in the Naches River Basin. None of the dams

associated with the reservoir system have adult fish-passage

facilities. Johnson (1964) and Fast et al. (1991) provide

additional descriptions of the Yakima River Basin.

Trapping and Tagging

Spring chinook salmon were collected and tagged at Prosser

Dam by NMFS and Yakama Indian Nation personnel. Tagging

procedures were developed and modified throughout the study.

Fish were tagged and released in proportion to temporal abundance

based on passage information from McNary and Prosser Dams. We

collected spring chinook salmon by blocking upstream movement

with a lead gate in the right-bank fish ladder at Prosser Dam.

We inserted a steep-pass denil into the pool below the lead gate.

Fish ascended the denil to a flume that then diverted them into

an anesthesia tank containing a solution of tricaine

methanesulfonate (MS-222).

After examination for marks, tags, or injuries, fish were

weighed, measured, and had scale samples taken. Each fish was

then placed in a tagging cradle, and a radio transmitter was

inserted through its mouth and into its stomach (Mellas and

Haynes 1985). To minimize tag regurgitation, we radio-tagged

only fish larger than 60-cm fork length. Tagged fish were also

marked with two external anchor tags for later identification in

the tribal subsistence harvest. The entire tagging procedure



took 2-5 minutes per fish. Following tagging, fish were allowed

to recover for up to 4 hours in a transport truck with

circulating river water. During the recovery period, a receiver

was used to monitor transmitters for frequency drift. After

recovery, tagged fish were released 0.5 km downstream from

Prosser Dam. Nontarget species and target species in poor

condition or of insufficient size were released into the fish

ladder upstream from the lead gate after recovering from

anesthesia.

Age determination from scale samples was conducted by

Columbia River Inter-Tribal Fish Commission personnel.

Radio Tags

Radio tags were purchased from Advanced Telemetry Systems',

1nc.l Each tag was powered by one 3.7-V lithium battery and had

a life span of at least 7 months.

The transmitter and battery were sealed in a 6.0-cm length X

1.6-cm diameter epoxy capsule and weighed 26 g in air. Each

transmitter had a 12.0-cm flexible external whip antenna attached

to one end. The tags transmitted on one of nine frequencies

spaced 10 kHz apart (30.17 MHz to 30.25 MHz). The bandwidth of

each pulse provided individual identification codes for each tag.

Each tag also contained a motion sensor which added extra pulses

to the base rate when activated by movement.

'Reference to trade names does not imply endorsement by
National Marine Fisheries Service.
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Surveillance  Equipment and Procedures

Two types of telemetry receivers were used for locating

tagged fish during the study. Both types operated on 12-V DC and

consisted of a radio receiver, data processor, internal clock,

and data logger. Data loggers recorded month, day, hour, minute,

tag code, and receiving antenna number. The first type of

receiver (Model SRX-400) was purchased from Lotek Engineering

Inc., Newmarket, Ontario, Canada. These units were used in

vehicles, boats, and as fixed-site general location monitors.

The second type of receiver was developed and manufactured by

NMFS electronics shop personnel and had a higher sc-anning rate

than Lotek receivers (1.5 vs. 13.5 seconds). These units were

used in vehicles, boats, airplanes, and as fixed-site general

location and fish-ladder passage monitors.

Self-contained fixed-site monitors were installed to record

the presence and activities of radio-tagged fish in specific

areas. Fixed-site monitors (Fig. 1) collected run-timing

information at potential broodstock removal sites and passage

information at irrigation diversion dams. A fixed-site monitor

consisted of a receiver system, power supply, antenna switching

box, and either a single antenna or series of antennae. Fixed-

site surveillance data were downloaded and processed at least

once per week.

Two types of antennae were used. Underwater antennae

consisted of coaxial cable suspended in fish ladders, with 10 cm

of shielding stripped from the distal end. Tuned-loop antennae



8

were used to monitor fish in a general area or to monitor fish-

passage by the combination of two antennae (one upstream and one

downstream). Locations and antennae configuration for fixed-site

telemetry monitors are summarized in Table 1.

In 1991, only the entrances to the right-bank fish ladder at

Prosser dam were monitored. Problems with electronic equipment

resulted in limited data to evaluate the rejection of or

withdrawal from the fish ladders. In 1992, monitoring of all

fish-ladder entrances and exits at Prosser Dam and improvements

to electronic equipment provided data to.evaluate avoidance of

the denil fishway or withdrawal from fish ladders.

Aerial surveillance of the Yakima River and itsmajor

tributaries was conducted once per week, weather permitting.

Locations of radio-tagged individuals were determined from

latitude and longitude coordinates provided by a global

positioning system.

Mobile telemetry receivers were used once per week, and more

frequently when personnel were available, to collect more-precise

information on fish locations. This information was used to

develop data on habitat utilization and fish behavior. Activity

in the radio-tag motion switch and upstream movement were used as

indicators of live fish. In addition, attempts were made to

recover carcasses of, stationary individuals.

In 1992, tests were conducted comparing "V" and flash-board

type weirs in the right-bank fish ladder at Prosser Dam for the

entrance into a proposed off-ladder holding pool. Fish movements
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Table l.--Locations and antennae configuration for fixed-site
telemetry monitors.

Monitor Monitor Monitor River River Antenna Antenna
number location type Km number location

72 Horn Rapids Dam

12 Horn Rapids Dam

1 Chandler Juvenile Facility

2 Prosser Dam Right-Bank

2 Prosser Dam Right-Bank

70 Prosser Dam Right-Bank

3 Prosser Dam Center

3 Prosser Dam Center

4 Prosser Dam Left-Bank

4 Prosser Dam Left-Bank

71 Prosser Dam Left-Bank

5 Sunnyside Dam Right-Bank

6 Sunnyside Dam Center

7 Sunnyside Dam Left-Bank

7 Sunnyside Dam Left-Bank

8 Wapato Dam Left-Bank

9 Wapato Dam Center

9 Wapato Dam Center

10 Wapato Dam Right-Bank

10 Wapato Dam Right-Bank

11 Rosa Dam Left-Bank

11 Rosa Dam Left-Bank

12 Rosa Dam Right-Bank

12 Roza Dam Right-Bank

13 Town Diversion Dam

13 Town Diversion Dam

14 Easton Dam

14 Easton Dam

40 Cowiche Dam Left-Bank

40 Cowiche Dam Left-Bank

43 Cowiche Dam Left-Bank

41 Wapatox Dam Left-Bank

41 Wapatox Dam Left-Bank

42 Rattlesnake Creek

Lotek

Lotek

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

Lotek

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

NMFS

Lotek

Lotek

Lotek

Lotek

NMFS

NMFS

Lotek

Lotek

Lotek

NMFS

Yakima 28.8

Yakima 28.8

Yakima 74.1

Yakima 15.4

Yakima 15.4

Yakima 75.4

Yakima 75.4

Yakima 15.4

Yakima 15.4

Yakima 75.4

Yakima 75.4

Yakima 166.1

Yakima 166.1

Yakima 166.1

Yakima 166.1

Yakima 170.6

Yakima 170.6

Yakima 170.6

Yakima 170.6

Yakima 170.6

Yakima 204.6

Yakima 204.6

Yakima 204.6

Yakima 204.6

Yakima 257.0

Yakima 257.0

Yakima 324.0

Yakima 324.0

Naches 5.8

Naches 5.8

Naches 5.8

Naches 27.4

Naches 21.4

Rattlesnake 0.8

1 Downstream

2 Upstream

1 Across

1 Denil pool

2 Ladder exit

1 Ladder entrance

1 Ladder entrance

2 Ladder exit

1 Ladder entrance

2 Ladder exit

1 Downstream

1 Ladder exit

1 Ladder exit

1 Ladder exit

2 Downstream

1 Ladder exit

1 Ladder exit

2 Downstream

1 Ladder exit

2 Downstream

1 Ladder exit

2 Downstream

1 Gallery inside

2 Gallery outside

1 Downstream

2 Upstream

1 Ladder exit

2 Downstream

1 Ladder entrance

2 Ladder exit

1 Downstream

1 Downstream

2 Upstream

1 Across



10

in the right-bank fish ladder were videotaped, to compare the

numbers of fish that passed vs. those that rejected the entrance.

RESULTS

Spawning Population  Segregation

In 1991 and 1992, respectively, 63 and 92 spring chinook

salmon were radio tagged at Prosser Dam and tracked through

spawning. Spring chinook salmon migrated into the Yakima River

from early April through June (Fig. 2). Returning adult spring

chinook salmon exhibited three behavioral phases similar to those

described for Atlantic salmon (Salmo salar) by Bagliniere et al.

(1991). These phases consisted of a migratory phase, a

prespawning holding phase, and a spawning phase. The following

substocks or spawning populations of spring chinook salmon were

identified in the Yakima River Basin: American River; Bumping

River; Little Naches River; Naches River; Rattlesnake Creek; the

upper Yakima River above Ellensburg, Washington; Cle Elum River;

and Roza Dam tailrace.

Analysis of 1991 and 1992 passage data indicated that all

substocks were mixed and could not be segregated based on time of

passage at Pros‘ser, Sunnyside, and Wapato Dams (Figs. 3-5). In

addition, spawning populations could not be segregated on the

basis of fish-ladder selection at Yakima River diversion dams

with.multiple fish ladders (Prosser, Sunnyside, and Wapato Dams)

(Figs. 6-8). Segregation of substocks did not occur until fish

reached the confluence of the Naches and Yakima Rivers.
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Figure 2. --Spring chinook salmon migration past Prosser Dam and
number radio tagged, 1991-92.
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Figure 3. --Tagging dates of spring chinook salmon substocks at
Prosser Dam, 1991-92.
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Figure 4. --Passage dates of radio-tagged spring chinook salmon
substocks at Sunnyside Dam, 1991-92.
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Figure 5. --Passage dates of radio-tagged spring chinook salmon
substocks at Wapato Dam, 1991-92.
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Figure 6. --Fish-ladder selection by radio-tagged spring chinook
salmon substocks at Prosser Dam, 1991-92.
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Figure 7. --Fish-ladder selection by radio-tagged spring chinook
salmon substocks at Sunnyside Dam, 1991-92.
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Figure 8. --Fish-ladder selection by radio-tagged spring chinook
salmon substocks at Wapato Dam, 1991-92.
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At that point, spring chinook salmon that spawned in the

mainstem Yakima River or Cle Elum River continued up the Yakima

River, and those that spawned in the Naches River Basin migrated

up the Naches River. Only two radio-tagged spring chinook salmon

deviated'from this behavior, both in 1991. These two individuals

eventually spawned in the mainstem Naches River after straying

past the Naches River to the base of Roza Dam. Neither fish

exited the fish ladder at Roza Dam: one remained in the tailrace

at Roza Dam for 1.8 days, while the other remained for 36.9 days

before moving back downstream and migrating up the Naches River.

Only upper Yakima River and Cle Elum River spawners exited the

fish ladder at Roza Dam during both years. No Naches River

substocks strayed to Roza Dam in 1992.

Naches River Basin spawning populations were mixed during

passage at Cowiche Dam on the Naches River (Fig. 9). These

populations did not become segregated until completing their

migration phase and settling into the prespawning holding phase.'

Straying of upper Yakima River spawners into the Naches

River below Cowiche Dam could not be .assessed, since the area was

not monitored by fixed-site equipment. Similarly, straying of

Naches River Basin spawning populations into the Yakima.River

above the Naches River confluence and downstream from Roza Dam

could not be assessed since this area also was not monitored by

fixed-site equipment. In addition, since the entrance of the

Roza Dam fish ladder was not monitored, entrance into the fish

ladder by the two Naches River fish that strayed to the base of
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Figure 9. --Passage dates of radio-tagged Naches River spring
chinook salmon substocks at Cowiche Dam, 1991-92.



20

Roza Dam in 1991, or by the Roza Dam tailrace spawners during

both years, could not be assessed.

Length and age characteristics of radio-tagged spring

chinook salmon were analyzed to determine if substocks could be

separated based on those characteristics. Length, age, and last

observations of individual radio-tagged fish are indicated in

Appendix Tables A.1 and A.2. Spawning populations were

predominantly 4-year-old in both years, but in 1991, there was a

higher proportion of 5-year-old fish in the Naches River drainage

(Table 2).

Lengths of fish from individual substocks overlapped

considerably (Figs. 10-11). The largest radio-tagged fish were

part of the American River population. Large fish (fork length

>90 cm) also spawned in the Bumping River, Rattlesnake Creek, and

Naches River. Fish from the Yakima River were generally smaller.

Passage Evaluation

Individual radio-tagged spring chinook salmon passage times

and ladder use at Yakima River irrigation diversion dams are

indicated in Appendix Tables B.l and B.2.

Presser Dam

Passage times at Prosser Dam in 1991 ranged from 0.1 to

9.8 days for 57 fish (median 1.0 day) and in 1992 ranged from 0.1

to 6.0 days for 94 fish (median 0.5 days) (Fig. 12). Migration

delay at Prosser Dam was less in low-flow conditions (1992) than

normal-flow conditions (1991) (Figs. 12-13).
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Table 2. --Age composition of radio-tagged spring chinook salmon
substocks, 1991-92.

Substock

1991 1992

4-ye& old 5-year old 4-year old 5-year old

American River 0 6 5 3

Bumping River 0 1 4 2

Little Naches River 0 2 3 1

Naches River 9 12 9 1

Rattlesnake Creek 2 1 4 0

Roza Dam tailrace 2 0 1 0

Cle Elum River 1 0 4 0

Upper Yakima River 22 5 44 6



22

1991

NACHEBRIVER

YAKIM  RIVER

ROZA  TAILWATER

CLE EUJY RIVER

55 57 59 61 63 65 67 69 71 73 75 77 79 61 83 85

FORK LENGTH (cm)

1992

AMERICAN RIVER

BlJMPlNQ  RIVER

IJlllE  NACHES

RATRBNAKE  CREEK

NACHES RIVER

YAKJMA RIVER

ClEEUJYRlVER~

ROZA  TAILWATER

I 1 I I I I 1 I I I I I I 1 I

55 57 59 61 63 65 67 69 71 73 75 77 79 61 03 85

FORK LENGTH (cm)

Figure 10. --Fork lengths (cm) of $-year-old radio-tagged spring
chinook salmon by substock, 1991-92.
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Figure 11. --Fork lengths (cm) of 5-year-old radio-tagged spring
chinook salmon by substock, 1991-92.
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Figure 12. --Passage times of radio-tagged spring
chinook salmon at Prosser Dam, 1991-92.



2 5

1 5 0

1 2 5

=
El00
s
s
9 7 5
IL

5 0

2 5

Figure 13. --Yakima River flow (cubic meters per second, ems) at
Prosser Dam compared to the lo-year average.
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Fish-ladder selection by radio-tagged fish was compared with

overall ladder distribution from videotape monitoring to

determine if ladder selection may have been biased by collecting

all fish from the right-bank fish ladder (Fig. 14). In 1991, the

portion of radio-tagged fish using the right-bank fish ladder was

greater than, and the portion using the left-bank and center fish

ladders was less than, in the total run. However, in 1992, the

radio-tagged portion using the right-bank and center fish ladders

was less than, and the portion using the left-bank fish ladder

greater than, in the total run.

No conclusions regarding fish-ladder selection in relation

to flow were possible due to.variability  in discharge below the

dam, ladder operations, environmental conditions, and

fluctuations in run composition.

During 1991, 51% of the radio-tagged fish passing Prosser

dam were monitored for fish-ladder selection. Four fish withdrew

from the right-bank fish ladder: two while the denil was

operating and two while the denil was not operating (Table 3).

Of the four fish that withdrew from the right-bank fish ladder,

three subsequently passed Prosser Dam via the left-bank fish

ladder and one passed via the right-bank fish ladder when the

denil was not operating. Withdrawal from the center and left-

bank fish ladders was not evaluated in 1991.

During 1992, 91% of the radio-tagged fish passing Prosser

Dam were monitored for fish-ladder selection. Only three ,fish

withdrew after entering the right-bank fish ladder. Two fish



2 7

1991
LEFT
6 3 %

CENTER
2 8 %

N = 2,834

1992

LEFT
4 9 %I

LEFT
4 5 %

RIGHT
4 2 %

N = 38

LEFT

ENTER
21%

30% 2 2 % 1 7 %

N = 4,365 N = 00

FISH-LADDER COUNTS RADIO-TAGGED FISHc

Figure 14. --Comparison between fish-ladder counts and radio-
tracking monitoring of spring chinook salmon fish-
ladder use at Prosser Dam, 1991-92.
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Table 3. --Radio-tagged spring chinook salmon passage at Prosser
Dam, 1991-92.

1991 1992

Tagged 91 102

Passed Prosser Dam 74 97

Fish-ladder passage recorded 38 88

Recaptured in denil

Withdrawal from:

Right-bank fish ladder

Center fish ladder

Left-bank fish ladder

1 1

4 3

0 '1

0 0
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withdrew during operation of the denil, and one withdrew when the

denil was not operating. Of the three fish that withdrew from

the right-bank fish ladder, two subsequently passed Prosser Dam

via the left-bank fish ladder and one via the center fish ladder.

In addition, one fish withdrew after entering the center fish

ladder and subsequently passed Prosser Dam via the left-bank fish

ladder. No withdrawal from the left-bank fish ladder was

observed in 1992. During both years, only two (one in each year)

radio-tagged spring chinook salmon were recaptured in the denil

after being tagged and released downstream.

Sunnyside Dam

Passage times and fish-ladder selections of radio-tagged

spring chinook salmon were analyzed for 54 and 95 fish in 1991

and 1992, respectively (Fig. 15). Passage times at Sunnyside Dam

ranged from CO.1 to 4.0 days in 1991 (median 0.2 days) and from

CO.1 to 1.8 days in 1992 (median CO.1 days). Passage delay was

less in 1992. A majo<ity of the fish (74% in 1991 and 53% in

1992) preferred the center fish ladder (Fig. 16).

Wapato Dam

Passage times and fish-ladder selections of radio-tagged

spring chinook salmon at Wapato Dam were analyzed for 35 and 78

fish in 1991 and 1992, respectively (Fig. 17). Passage times at

Wapato Dam ranged from ~0.1 to 6.l'days in 1991 (median 0.2 days)

and from CO.1 to 6.7 days in 1992 (median 0.2 days). Migration

delays were similar in both 1991 and 1992. More fish preferred
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Figure 15.--Passage times of radio-tagged spring
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the center fish ladder (60% in 1991 and 74% in 1992) (Fig. 16).

Roza Dam

Passage times at Roza Dam were analyzed for 26 and 59 fish

in 1991 and 1992, respectively (Fig. 18). Passage times at Roza

Dam ranged from 0.1 to 22.1 days in 1991 (median 1.4 days) and

from 0.1 to 8.7 days in 1992 (median 0.8 days). No fall-backs

were observed in either 1991 or 1992.

A total of 10 (38%) and 32 (54%) radio-tagged spring chinook

salmon used the gallery at Roza Dam in 1991 and 1992,

respectively (Table 4). Only 5% (two fish, both in 1992) of the

fish using the gallery passed upstream through the gallery into

the fish ladder and continued up the fish ladder past Roza Dam.

The remaining fish dipped into the gallery entrance but did not

pass though the gallery, passed downstream through the gallery

(from the fish ladder into the gallery and exited into the

tailrace on the right-bank shoreline), or passed upstream through

the gallery into the fish.ladder and traveled back down the

ladder into the tailrace on the left-bank shoreline.

Thirty and 38% of the fish associated with the gallery in

1991 and 1992, respectively, only dipped into the gallery

entrance. The number of radio-tagged spring chinook salmon that

passed through the gallery downstream only, upstream only, and

both upstream and downstream were similar during both years

(Table 4).
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Table 4.--Fish passage and gallery use at Roza Dam by radio-
tagged spring chinook salmon, 1991-92.

Did not use the gallery

Used the gallery for passage

Entered the gallery

Gallery behavior and movement

1991 1992

16 27

0 2

10 30

Dipped into entrance only 3 12

Passed downstream only 2 6

Passed upstream only 2 8.

Passed both upstream and downstream 3 6
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Migrational delays at Roza Dam were mainly associated with

the use of the gallery (Table 5). Median passage times for fish .,

that used the gallery were more than twice as long in 1991 and

four times as long in 1992 than median passage times for fish

that did not use the gallery..

Town Diversion Dam

Passage times at Town Diversion Dam ranged from ~0.1 to 1.4

days (median 0.2 days) for 14 fish in 1991 and from CO.1 to 1.8

days (median 0.3 days) for 52 in 1992 (Fig. 19). Delays in

migration at Town Diversion Dam were minimal, with similar

passage times during both years. Passage routes and use of the'

baffle-chute fishway at Town Diversion Dam were not determined.

Easton Dam

Only two radio-tagged spring chinook salmon passed Easton

Dam, one each in 1991 and 1992. Passage times at Easton Dam were

34.6 days in 1991 and 74.8 days in 1992. In 1992, the fish

remained in the Easton Dam tailrace area during the prespawning

holding period and passed Easton Dam on 16 August to spawn. In

1991, the fish passed Easton Dam on 3 July at least 52 days prior

to spawning.

Cowiche Dam

Passage times for radio-tagged spring chinook salmon at

Cowiche Dam were analyzed for 25 and 33 fish in 1991 and 1992,

respectively (Fig. 20). Passage times at Cowiche Dam ranged from
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Table 5. --Median passage delay (days) for radio-tagged spring
chinook salmon at Roza Dam, 1991-1992.

Overall

Fish that did not use the gallery

Fish that used the gallery

1991 1992

1.4 0.8

1.1 0.5

2.7 2.0
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Figure 19. --Passage times of radio-tagged spring
chinook salmbn at Town Diversion Dam,
1991-92.
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0.1 to 7.8 days in 1991 (median 1.0 day) and from CO.1 to 7.4

days in 1992 (median 0.9 days). Migrational delays at Cowiche

Dam were similar for both years. Ladder passage was minimal (12

and 33% in 1991 and 1992, respectively) with most fish jumping

over the dam instead (Fig. 21).

Wapatox Dam

Wapatox Dam on the Naches River has a pool- and weir-type

fishway. Because of the location of the Wapatox Dam fishway

weirs, it was not possible to determine if fish were using the

weirs or jumping between pools.

Passage *times for radio-tagged spring chinook salmon at

Wapatox Dam ranged from 0.1 to 9.7 days (median 3.5 days) for 30

fish and from CO.1 to 44.9 days (median 4.2 days) for 33 fish in

1991 and 1992, respectively (Fig. 22).

Migration Behavior

Individual migration times for radio-tagged spring chinook

salmon between Yakima River Basin irrigation diversion dams in

1991 and 1992 are indicated in Appendix Table C.l and C.2.

Median migration rates decreased in both 'years,as fish moved

upstream (Fig. 23). In general, migration rates were higher in

1992 than 1991, probably due to decreased flow. The migration

period from tagging until arrival at prespawning holding areas

ranged from 10 to 100 days and averaged 35.3 days.

Upon arrival at prespawning holding areas, spring chinook

salmon remained stationary from June through August (40 to
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141 days). Habitat utilization and behavior during prespawning

holding periods were investigated only in 1992. Prespawning

behavior, spawning behavior, and habitat utilization for

individual radio-tagged spring chinook salmon are indicated in

Appendix D. Of 94 radio-tagged spring chinook salmon, 91%

(86 fish) held in only one location during the prespawning

holding period; the remaining 9% (8 fish) continually migrated

upstream or held in multiple locations for short durations.

Habitat utilization while holding was limited to areas with

nonlethal water temperatures, turbulence, large substrate

material, and high-quality overhead cover such as woody debris,

undercut banks, and overhanging vegetation. During 1992, 83%

(76 fish) of the radio-tagged spring chinook salmon spent holding

periods in areas with overhead cover. Spring chinook salmon

preferred riffle habitat associated with overhanging vegetation

or undercut banks (Fig. 24). No aggressive behavior was observed

during the prespawning holding period. A log jam on the American

River was utilized by one radio-tagged and three nontagged spring

chinook salmon throughout the summer in 1992. These four fish

spent holding periods in close proximity (<2 m) and did not

appear affected by the presence of each other. Beginning in

August and continuing through October, territorial behavior

began, and radio-tagged fish moved onto adjacent spawning

grounds.
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Spawning Behavior

Spawning areas were close (~16 km) to prespawning holding

areas, with 45% of the tagged fish moving less than 1 km to spawn

and 80% moving 4 km or less (Fig. 25). Spawning occurred earlier

in areas of higher elevation and where water was cooler (e.g.,

American River) than in areas of lower elevation and warmer water

(e.g., Roza Dam tailrace) (Fig. 26).

The spawning areas were determined for 63 and 91% of the

radio-tagged fish in 1991 and 1992, respectively (Fig. 27).

Eight spawning areas (American River, Bumping River, Little

Naches River, Naches River, Rattlesnake Creek, the upper Yakima

River above Ellensburg, Cle Elum River, and Roza Dam tailrace)

were identified by radio telemetry. Radio-tagged spring chinook

salmon utilized spawning grounds in a pattern similar to that

identified during spawning ground surveys of the distribution of

redds conducted by the Yakama Indian Nation during both years

(Hubble et al. 1991, 1992). Only one radio-tagged spring chinook

salmon spawned outside historical spawning locations during this

study (Fast et al. 1991). During 1992, this fish ended its

spawning migration in Crow Creek, a tributary to the Little

Naches River. No spawning was observed in the Tieton or Teanaway

Rivers, downstream from Cowiche Dam on the Naches River, or in

the Yakima River downstream from the Naches River confluence.
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Mortality

Observed mortality of radio-tagged spring chinook salmon was

14 and 10% in 1991 and 1992, respectively (Table 6). The tribal

subsistence fishery on the Yakima River .harvested 1 and 2% of the

tagged fish in 1991 and 1992, respectively. Tagging accounted

for 3 and 1% of mortality in 1991 and 1992, respectively. The

remaining 10% mortality observed in 1991 consisted of fish that

died during migration (7%), and fish surviving the prespawning

holding period but whose carcasses were found unspent during

spawning-ground surveys (3%). The remaining 7% mortality

observed in 1992 consisted of fish that died during migration

(3%), fish that died from predation (2%), and fish surviving the

prespawning holding period but whose carcasses were found unspent

during spawning-ground surveys (2%). '

Evaluation of Prosser Dam Adult Collection Facility

Daily fish-ladder counts of spring chinook salmon passing

Prosser Dam are indicated in Appendix Tables E.l and E.2. Denil

operations at Prosser Dam to collect spring chinook salmon at

Prosser Dam for radio-tagging are indicated in Appendix Table F.l

and F.2. Collection and handling of salmonids at the right-bank

fish ladder of the adult collection facility at Prosser Dam was

difficult; run numbers were low, and most of the run used the

left-bank ladder (Fig. 14). To collect significant numbers of

fish, the trap was operated frequently, resulting in the capture

of large numbers of nontarget species. When fish were collected

in the handling room, it required immediate staff attention to
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Table 6. --Observed mortality of radio-tagged spring chinook
salmon, 1991-92.

1991 1992

Number tagged 91 102

Tagging mortality 3 1

Migration mortality 6 3

Harvest mortality 1 2

Pre-spawning holding mortality 3 2

Predation mortality 0 2

_--..-
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handle fish. If fish accumulated in the crowder area, they

required dipnetting before

Collection of fish in

near the denil for further

viable only when nontarget

anesthetization.

the hopper and transfer to the flume

transfer to the tagging room was

species were absent. These handling

procedures confined large numbers of target and nontarget fish in

the hopper and thus may have caused additional stress or injury.

Pass to rejection ratios were 1.0 and 0.7 for ltV" and flash-

board weirs, respectively. These ratios measured the entrance of

a proposed off-ladder holding.pool weir in the right-bank fish

ladder at Prosser Dam, with the tlVll weir having slightly less

rejection (Table 7).

From 24 April through 1 May 1992, attraction flows were

turned off in the left-bank fish ladder and reduced in the center

fish ladder under operational criteria for low-flow conditions.

During this time, the majority of attraction water passed through

the right-bank fish ladder. The change in attraction flow did

not affect fish-ladder passage distribution (Fig. 28). The _

dominant use of the left-bank fish ladder for passage at Prosser

Dam was probably due more to the orientation of the dam to

tailrace flow than to environmental factors. .Because Prosser Dam

is oriented at an angle to the downstream flow, the right-bank

fish ladder is downstream from the left-bank fish ladder (Fig.

29). Fish migrating upstream at Prosser Dam are funneled into a

corner at the left-bank fish-ladder entrance due to the combined

orientation of the dam and a diversion wall below the dam.
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Table 7.--Passage by adult spring chinook salmon through "VW and
flash-board weirs.

Weir type Passed Rejected Ratio

. WV” 453 451 1.00

Flash-board 639 924 0.69.
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Figure 28. --Fish-ladder selection by spring chinook
salmon with and without attraction flow
in the left-bank fish ladder at Prosser
Dam, 1992.
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Figure 29. --Yakima River flow pattern at Prosser Dam.
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DISCUSSION

Eight substocks or spawning populations (American River,

Bumping River, Little Naches River, Naches River, Rattlesnake

Creek, the upper Yakima River above Ellensburg, Cle Elum River,

and Roza Dam tailrace) of spring chinook-salmon were observed in

the Yakima River Basin. The fish exhibited three behavioral

phases (migratory period, prespawning holding period, and

spawning period).

Prosser Dam, Roza Dam, and Cowiche Dam have been selected as

possible broodstock collection sites for spring chinook salmon in

the Yakima River. Although Prosser Dam was selected because it

is downstream from all spawning areas, based on our radio-tagged

spring chinook salmon, separation of substocks there would not be

possible either by size, age, run timing, or ladder selection.

In both 1991 and 1992, the run timing of all substocks occurred

simultaneously below the confluence of the Naches and Yakima

Rivers and throughout the migration period in the Naches River.

If upper Yakima River and Cle Elum River spawners are

genetically simiiar, broodstock from these populations could be

collected at the exit of the Roza Dam fish ladder. However, this

study could not determine if spawning fish in a given location

were part of the population or strays from other populations.

Nonetheless, straying during migration was observed for only two

fish that eventually spawned in the mainstem Naches River after

spending time below Roza Dam. Some level of straying probably

occurs naturally in wild populations and should be accounted for
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in the plan for the Yakima/Klickitat Fisheries Project (Quinn  and

Fresh 1984, Quinn and Nemeth 1991).

Radio-telemetry data from 1991 and 1992 identified problems

with broodstock collection and substock separation at Cowiche

Dam. Seventy-five percent of the radio-tagged fish jumped

Cowiche Dam rather than using the fish ladder, thereby avoiding

the locations of the proposed fish-ladder trapping or monitoring

facilities. The fish-ladder entrance at Cowiche Dam opens into

s the spill basin and may account for the low percentage of fish

using the fish ladder. Broodstock collection would be affected

by fish jumping the dam, and operation of a trap in the fish

ladder may delay passage or increase the portion of the run

jumping the dam. In addition, radio-tagged Naches River

substocks were mixed while passing Cowiche Dam. Naches River

Basin substocks were mixed until arrival at prespawning holding

areas.

Separation of substocks based on age or length was not

possible due to the overlap of length and age classes between

most spawning populations.

Migration delays for radio-tagged spring chinook salmon at

Yakima River Basin dams were similar or less than passage times

at Columbia and Snake River dams (Bjorn and Perry 1992).

Although fall-back at Roza Dam was not observed for normal

(1991) and below-normal (1992) flows, fall-back may occur under

high flow conditions (during spill), at Roza Dam. Berman and

Quinn (1991) reported that 8 of 19 radio-tagged adult spring
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chinook salmon collected and tagged at Roza Dam in 1989

subsequently fell back downstream over Roza Dam to spawn.

Passage delay at Roza Dam was two to four times longer for

fish using the gallery. Radio-tagged fish traveled upstream and

downstream through the gallery. After passing through the

gallery, most fish returned to the Roza Dam tailrace before

passing Roza Dam.

Delays to migration at Wapatox Dam were the longest delays

observed for radio-tagged spring chinook salmon, with the

exception of passage delays at Easton Dam. Passage conditions at

Wapatox Dam or its proximity to spawning grounds may have been

responsible for these delays. *

Long passage delays at Easton Dam may have been due to

passage conditions or its proximity to spawning grounds. A large

population holds and spawns below Easton Dam, and this may affect

passage times for individuals spawning above the dam.

Migration rates of radio-tagged spring chinook salmon

decreased as fish migrated upstream, and long delays in passage

at dams close to spawning areas may be a function of decreased

migration rates. In general, passage times at dams were lower

and migration rates between dams were higher in 1992 during lower

flow conditions. Bjorn and Perry (I992) also found that

migration rates were higher and passage times were lower at dams

on the Snake and Columbia Rivers during lower flow conditions.

After migrating upriver, adult spring chinook salmon settled

into prespawning holding areas near spawning areas. Habitat
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utilization while holding was limited to areas with nonlethal

water temperatures, turbulence, large substrate material, and

high-quality overhead cover such as woody debris, undercut banks,

or overhanging vegetation. Riffle habitat with either

overhanging vegetation or undercut banks was preferred. The

availability of holding areas did not appear to be limiting.

Spawning occurred near prespawning holding areas from

August through September in the Yakima River Basin. The time of

spawning was tributary-specific, with spawning occurring earlier

in areas of higher elevation than in areas of lower elevation.

Differences in spawning time due to water temperature associated

with elevation for chinook salmon have been described by Miller

and Brannon (1982) and Mullan (1987).

No spawning was observed in the Yakima River below its

confluence with the Naches River in 1991 or 1992. Hpwever,

Berman and Quinn (1991) reported that four radio-tagged spring

chinook salmon spawned in this area in 1989.

Most of the mortality observed during the study occurred

with equal frequency during the migration period and during the

prespawning holding period.

Behavior of radio-tagged spring chinook salmon at Prosser

Dam may have been biased by collecting all fish from the right-

bank fish ladder and then subjecting them to a second passage to

evaluate ladder selection and rejection. Only 1 year of reliable

data were analyzed for fish-ladder rejection and subsequent

selection at Prosser Dam, during a low-flow year when passage was
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faster. In addition, it was not possible to monitor movements

around Prosser Dam tailrace to determine where and how'migrating

salmon select a fish ladder for passage or how flows affected

fish-ladder selection. The operation of the denil in the right-

bank fish ladder at Prosser Dam had a limited effect on fish

passage.

Most adult spring chinook salmon pass Prosser Dam via the-

left-bank fish ladder; changes in attraction flow did not

influence ladder selection. The dominant use of the left-bank

fish ladder for passage at Prosser Dam is probably due to the

orientation of the dam to tailrace flow rather than to

environmental factors.

.



bl

RECOMMENDATIONS

Based on xsults of the 1991-92 radio-telemetry studies, we

developed the following recommendations:

1) Construction of the off-ladder holding pool on the

right-bank at Prosser Dam should proceed only if

significantly more fish use the right-bank fish ladder.

Passage times at Prosser Dam may increase if use of the

right-bank fish ladder is increased by blocking the

left-bank fish ladder. Development of fish-handling

facilities at the left-bank fish ladder would be

preferable to attempts to alter passage behavior at

Prosser Dam.

2)

3)

Broodstock collection for upper Yakima River and Cle

Elum River spawning populations appears feasible at Roza

Dam. However, the effects of broodstock collection on

fish passage should be evaluated. Structural

modifications or changes in attraction flows for the

gallery at Roza Dam should be considered to reduce

passage delay associated with use of the gallery.

Broodstock collection of Naches River substocks should

be conducted either during the prespawning holding

period or on the spawning grounds. If broodstock

collection is to occur at Cowiche Dam, the fish-ladder

entrance should be moved to the downstream face of the

fish ladder. Also, the height of Cowiche Dam may need

to be raised during migration periods to increase the
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numbers of fish using the fish ladder.

4) Unspent fish should be counted during spawning ground

surveys to further quantify prespawning mortality of

fish reaching the spawning grounds.

5) When numbers increase from supplementation, prespawning

holding areas may provide an opportunity to assess

interactions of resident and anadromous populations.

6) Radio-telemetry studies should be conducted on adults

from supplementation programs to evaluate straying,

intra-specific competition, mortality rates, and the

overall effects supplementation programs have on wild

populations.-
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Appendix Table A-1. --Tagging data and last observations of radid-
tagged spring chinook salmon, 1991.

Serial Tagging
number date

Length
(cm)

Weight
(kg) Sex Age Last observation

A002

A003

A005

A008

A009

A012

A014

A016

A026

A033

A034

A037

A040

A041

A044

A04 5

A048

A049

AOSJ

A066

AOCI)

A070

A072

A075

A.077

A079

A011

A003

A.090

A093

* A097

A099

A100

A.101

A104

A106

A107

All1

All3

All7

A110

A125

A131

6.Uay

22 wy

16 t4.y

13 K.y

30 t4.y

4 Ju"

6 Ju"

6 Jun

8 bY

21 n.y

23 May

6 MY
16 l4ey

4 iun

6 Jun

8 thy

la A&w

20 Jun

15 nay

7 my

23 Way

16 k4.y

28 nay

5 J""

6 J""

7 J””

7 J””

21 J””

8 MY

15 nay

7 m y

23 H.y

15 wily

23 my

16 M.y

9 my

31 my

5 Jll"

6 Jun

7 J""

21 Jun

13 Hay

21 a*y

67 3.a

76 4.5

71 3.8

-67 3.4

a9 7.9

72 4.0

90 7.9

aa 7.6

71 4.4

es 6.6

66 2.8

a7 a.4

95 9.1

62 2.6

69 3.9

74 4.3

87 6.9

a5 6.a

aa 7.7

62 2.7

66 3.6

a9 7.3

73 4.2

69 4.1

83 0.0

72 4.8

77 5.4

85 6.6

69 3.3

69 3.6

79 7.7

69 3.5

71 4.2

aa 7.7

72 4.3

73 4.6

93 8.8

86 6.6

69 3.6

66 3.9

79 7.2

67 3.5

a0 5.0

F

F

I!

F

F

a

F

F

F

n

H

F

F

F

n

F

F

I4
3s

F

F

F

F

F

F

II

F

P

F

F

F

F

F

F

F

n

F

F

n

F

F

F

n

F

4

4

4

5

4

5

5

4

5

4

5

5

4

4

4

5

5

5

4

4

S

4

4

5

4

4

5

4

4

5

4

4

5

4

4

5

5

4

4

5

4

5

Rattlesnake Creek epamer

Upper Yakina  River spawner

Upper Yakha River spawner

N*Ches  River sprrner

Naches River spawner

Rattlesnake Creek spawner

Bqmping River spawner

uisapperr  below Presser Dam

Oie*ppe*r  below Pro*rer D*m

Amaricrn River spawner

nigration mort*lity

American River sp=rner

America" River  sparner

Tagging mortality

Disappear below Prosser  Den

Uppar Yakima  River spawner

Upper Yaklma River spavner

Naches River spawner

N.CheS  River Sp.""er

Upper Yakina River spawner

niqration mortality

Naches River spruner

Upper Yakima  River spawner

Upper Yakira River splwner

oisapperr  below PrOsler  ozm

Presparning mortality

oisappesr  belO" pro*ser  0.m

Prespauning mortality

Upper Yakima River spawner

upper Yakima River spamer

Little Naches River spawner

“pper  Yakima River spawner

Cle Nlm River spw,"er

Naches River spa""er

Naches River rpauner

Upper Yakima River spawner

American River rpswner

Naohes  River spawner

niqration mortality

Disappear  below Pro**er Dam

"pper Yakim. River spawner

Upper Yakim.  River spauner

Upper Yakim.  River spawner
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Appendix Table A.l.--Continued.

Serial Tagging
number date

Length
(cm)

Weight
(kg) Sex Age Last observation

Al34 23 l4ay 71 3.9

Al36 23 Xay 79 5.0

Al37 7 my 73 4.5

A139 20 nay 27 7.3

Al41 15 nay 67 3.6

Al42 5 Jun 71 3.9

Al44 6 Jun 66 3.7

A145 7 J"rl a9 7.5

Al.50 27 Jun 23 5.0

Al59 10 nay 64 3.1

A160 17 nay 91 5.7

Al62 29 Apr 72 3.7

Al63 15 nay 79 5.4

A165 24.lLIy 69 3.7

Al67 29 nay 66 4.1

Al69 20 nay 72 4.8

Al72 5 Jun 94 10.0

AX74 7 my 103 13.0

Al75 7 .7un 71 5.0

Al76 18 J"n 79 4.5

A164 10 nay 72 4.5

A126 ' UY 76 5.2

A190 3 MY BO 6.0

Al94 22 nay 67 3.4

Al97 23 May 97 9.3

Al99 24 t4ay 91 4.2

A202 30 nay 64 3.1

A204 31 nay 69 3.6

A205 5 Jun 93 8.6

A207 6 Jun 71 4.4

A208 1 MY 80 5.7

A2lb 14 .7un 71 4.1

A215 15 May 68 3.6

A217 13 I4Jy 75 4.4

A220 20 nay 68 3.5

A224 7 hY 71 3.9

A226 22 May 09 7.5

A228 23 My 67 3.1

A230 24 May aa 6.6

A233 30 nay 70 3.9

A235 4 J"rl 95 9.0

A236 5 mn 68 3.6

A237 2 xry 65 3.3

A238 7 J"" 62 2.9

F

n

F

F

F

F

F

F

n

I4

F

F

n

II

n

n

I

n

F

F

F

F

F

F

F

n

II

a

F

F

a

F

I4

F

F

n

F

F

F

F

F

F

F

4

5

4

5

4

4

4

5

5

4

5

4

5

4

4

5

5

4

5

4

4

5

4

5

5

4

4

5

4

5

4

4

4

4

5

5

4

5

4

5

4

4

4

Naches River sparner

NacheB River splvner

Naches River sprvner

Nader River rpauner

Upper Yakha River spawner

Disappear below Prossar  Dam

Naches River Splvner

Taqqinq  mortality

nlqration mortality

Ta9 requrqitation

Naches River spawner

Upper Yakima River spawner

erespawninq mortality

Upper Yakim4 River spawner

Tagging mO?tality

Merican River *pawner

Disappear below Presser  D.m

Ameriun River spawner

Upper Yakunr River spawner

Tag regurgitation

"pper Yakha River spmmer

Upper Yakima  River sprwner

Tribal harvest

Naches River spamer

Rattlesnake Creek sprmer

Naches River spamcr

Upper Yaklma  River spamer

Higration mortality

Disappear below ProsseT  Dam

Di.,apparr  below Proller  Da",

Nache‘  River spawner

Disappear below PTOSS+T  Dam

Ron Dam tailrace  spawner

Naches River rpavner

Disappear below Presser  Dam

Upper Yakina River .~pa"ner

American River spawner

Roza Dlrn tailrace  spamer

Little Naches River spawner

Upper Yakima River spawner

Higration mortality

Disappear below Presser  Dam

Upper Yakima River ‘pawner

Disappear below Presser  Dam
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Appendix Table A.l.--Continued.

Serial
number

Tagging
date

Length
(cm)

Weight
(kg) Sex A g e Last observation

A239 13 nay 71 4.4 M 4 Upper Yakima River qtaumer

A242 16 May 71 4.3 x 4’ “aches  River ,plw"er

A244 7 MY 22 6.8 F 4 Nacher River spawner

A247 20 nay 66 3.2 I4 4 Upper  Yakh River spawner
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Appendix Table A.2. --Tagging data and last observations of radio-
tagged spring chinook salmon, 1992.

Serial
number Age Last observation

COO3 4 Apr

cooa 21 Apr

co10 5 my
CO11 22 Apr

co14 29 Apr

CO16 1 MY

co14 * MY

co22 24 Apr

CO23 30 Apf

CO25 1 MY

CO26 14 May

CO27 29 Apr

co30 24 Apr

co31 12 nsy

co40 4 my

CO42 29 Apr

co49 17 Apr

CO52 27 Apr

co57 30 Apr

co54 07 nay

CO60 24 Apt

CO61 22 nay

CO63 15 my

CO65 24 Apr

CO66 27 Apr

co70 23 Apr

COB0 13 Apr

co21 4 nay

CO85 28 Apr

CO88 6 MY
co91 ’ hY
CO96 12 n*y

CO98 12 nay

co99 23 Apr

Cl00 24 Apr

Cl03 22 my

Cl05 21 Apr

Cl11 30 Apr

Cl14 27 Apr

Cl17 7 my

Cl20 24 Apr

Cl22 4 my

Cl24 24 Apr

71 3.6 F

80 5.6 F

66 3.1 F

72 4.1 I

69 3.6 w

88 4.4 F

66 3.5 F

76 5.4 n

65 2.7 n

07 7.0 F

77 5.1 F

76 5.4 F

67 3.3 F

45 6.4 M

75 5.0 F

72 4.3 F

72 3.4 F

79 5.3 F

aa 7.7 F

7* 5.4 "

69 3.6 n

75 4.5 n

74 5.1 F

96 6.9 F

92 9.3 F

60 3.7 n

70 5.4 F

67 3.2 F

70 5.e F

72 4.2 F

76 5.1 a

73 4.3 n

60 3.8 I4

67 3.0 F

69 3.8 F

72 5.9 F

74 5.4 F

76 5.0 F

63 2.9 F

75 5.0 F

71 4.1 F

75 5.3 n

01 5.4 n

4

4

4

4

4

5

4

4

5

4

4

5

4

4

4

5

4

4

4

4

5

5

4

4

4

4

4

4

4

4

4

4

4

4

4

4

5

Cle Elm River.spnwner

Cle Elum River spawner

Disappear below Presser  Dam

Cle Elr~p River spawner

Upper Yakima River spirwner

American River spawner

upper  Yakima River spawner

Cle Elum Rive? spawner

Rattlesnake Creek spawner

Bumping River  spawner

Upper Yakima River spawner

Naches River spawner

Sport fishing harvest

Upper Yakima River spawner

upper Yakima River spawner

Upper Yakimr River spawner

Upper  Yakim River spawner

Cle Elum River spawner

Preaation  mortality

American River spawner

Upper  Yskfm River spawner

niqration mortality

upper Yakima River spawner

Naches River Spawner

American River spawner

Upper Yakima  River spawner

"pper Yakina River spavner

Upper Yakima River spawner

Upper Yakima River spawner

Upper Yakima River spawner

upper Yakima River spawner

Naches River spavner

Nacher  River spawner

Upper Yakina River spawner

Bumping  River spawner

Upper Yakima River spawner

Upper Yakima River spawner

Naches River spamer

Upper Yaxima River spawner

American River spawner

Upper Yakha River spawner

Upper Yakima River spawner

Upper Yakima  River spawner
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Appendix Table A.2.--Continued.

Serial
number '

Tagging Length Weight
date (cm) (kg) Sex Age Last observation

Cl27

Cl32

Cl33

Cl34

Cl40

Cl42

Cl51

Cl59

Cl62

Cl65

Cl66

Cl67

Cl69

Cl70

Cl71

Cl72

Cl73

Cl75

c219

c220

c222

C225

C227

c229

c229

C230

C231

C237

C239

c239

C240

C241

C242

C245

C257

C261

C263

C266

C267

C269

C269

C271

C272

C273

29 Apr 74 5.0

1 MY 79 5.2

21 Apr 70 4.1

29 Apr 67 3.6

15 I4ay 79 5.4

21 Apr 76 5.4

4 -Y 72 4.5

29 Apr 91 6.4

24 Apr 70 4.2

24 Apr 64 4.1

26 "ay 77 5.0

12 ?lAy 70 4.1

19 nay 69 3.6

14 Apr 77 5.4

6 Way 67 3.4

11 May 74 9.5

30 Apr 76 5.2

27 Apr 72 4.5

27 Apr 76 5.0

11 nay 60 4.8

22 Apr 70 4.1

6 MY 73 4.9

13 May 75 4.5

30 Apr 69 3.6

16 Apr 66 3.6

5 mry 69 3.6

27 Apr 62 2.7

1 WY 80 5.9

1 x*y 67 3.4

29 Ap? 73 4.9

24 Apr 69 3.7

21 May 69 3.6

29 Apr 71 4.1

1 MY 62 2.6

29 Ap? 74 4.*

29 Ap? 76 5.4

21 Apr 72 4.1

22 Apr 66 4.1

4 -Y 74 4.1

24 Apr 94 6.4

27 Apr 75 4.a

29 Ap? 74 4.9

14 nay 71 5.1

30 Apr 73 4.1

I4

F

M

n

F

F

n

F

F

n

F

F

F

n

n

M

n

F

n

F

n

F

F

F

I4

F

F

F

F

F

F

F

I4

F

P

F

F

F

F

F

F

F

F

F

4

5

4

4

4

4

4

4

4

4

4

4

4

4

4

5

4

4

4

4

4

4

4

4

4

L
4

4

4

4

4

4

4

4

4

4

4

5

4

4

5

4

4

4

4

upper Yakima River spawner

upper Yakima River spawner

Naches River spawner

Tagginq  mortality

Upper  Yakima River spawner

Upper Yakima River spawner

Bumping River spavner

American River spawner

Uppar Yakims  River spawner

Upper Yakima River spawner

Upper Yakima River spawner

upper  Yakima  River spawner

Upper Yakima River spawner

Little Naches River spawner

Upper Yakiaa Rive? spawner

American River spawner

Bumping River spawner

niqration mortality

American River spawner

Naches River spawner

Rattlesnake Creek spawner

Upper Yakima River spawner

Nsches River spawner

Upper Yakima River spawner

Prespavninq  mortality

Upper Yakima Rive? spawner

Rattlesnake Creek spawner

Upper Yakima River spawner

Upper Yakima River spawner

Little Naches River spawner

Upper Yakima River sparner

Upper Yakima  River spawner

Upper Yakima River  spawner

Predation mortality

Rattlesnake Creek spawner

Roza Dam tailrace  spawner

Upper Yakim Rive? spawner

Upper Yakima River spawner

upper Yakiaa River spawner

Crov Creek spawner

Upper Yakima Rive? spawner

American River spawner

upper Yakima River spawner

Upper Yakima River .?pawner



72

Appendix Table A.2.--Continued.

Serial Tagging
number date

Length
(cm)

Weight
(kg) Sex Age Last observation 1

C27S

C282

C206

C288

cze9

c290

C296

c300

c303

c304

C306

c309

c311

c314

* -Y 73 4.5

30 Ap? 71 3.6

22 Apr 77 5.0

5 MY 72 4.6

16 Apr 69 4.1

13 nay 65 3.2

29 Apr 76 5.2

21 nay 76 4.2

7MY 64 3.1

24 Apr 69 3.4

11 n*y 85 6.8

1 my 68 3.3

27 Apr 78 5.4

27 Apr 74 5.4

28 Apr 68 3.6

w

21

F

F

F

n

n

F

F

II

F

F

I4

F

4 Migration most*lity

4 Upper Yakima River spaxner

4 Upper Yakima River spawner

4 Upper Yakima River spawner

4 Bumping River spawner

4 Prespsuning mortality

4 American River spwner

4 Upper Yakima River spawner

4 Tribal harvest

4 Upper Yakima River spawner

5 Bumping River spawner

4 Tag regurqitation

4 Naches River spawner

e Naches River sp4mer

4 Upper Yakina  River spawner



Appendix Table B, 1, --Passage times (days) for and fish-ladder use by radio-tagged spring
chinook salmon at Yakima River Basin irrigation diversion dams, 1991,

Prol~er  Dam sunnyride Duo nrpto Dan Rora  Dam Tom Diverrim  Dam Co&he Dam Naptor Dun
S e r i a l Fish PllaIge Fibh 1 PaIaage Fi9h Palrage Pr~raqa Pmge Pilh Parrrqe Pawage
number ladder time ladder tine ladder time time time ladder th , tine

loft

Riqht

Riqht

0.9

2.7

0.3

1.4

3.0

1.3

Center

Center

Center

Center

Centsr

Center

0-I

(0.1

2.1

co.1

co.1

0.3

0.2

0.9

0.9

1.3

Right

Center

Center

Right

Center

Center

0,s 1.2

1,o 0.1 1.4

0.6 G.1

0.9 00 0.6

CO.1 YEB  2.0

0.S NO I,1

Center (0.1 NO 0.1

6.3

3.0

6.9

9.6

A002

A003

A005

A001

A009

A012

A014

A016

A026

A033

A034

A037

A040

All1

A044

A043

A049

A049

ADS3

A066

A068

A070

A072

A015

A077

A079

Right 0.1 Center

1.9

Center 0.2

0.9

4.8Center

1,2

O,l

Center

Center

1.2

3.6

2.4

Center

Center

Left

Center

0.4

0.7

<O.l

(0.1

1.2

1.0Iaft

Left Center 0.4 No 0.6

WO 2,l 0.6

Left 0 . 7 Right 0.1

0.1

1.1

0.1

CO.1

0.2 Riqht

0.2 Left

1.3 Center

1.3 Center

Right

Center

Center

b,l

D.1

1.4

1.7

1.0Yea 1,4

2.9

3.5 0.4

Left

Right

0.1 0,lCenter 1,O



Appendix Table B . 1. --Continued.

Sari81
number

Proseer  Dam Sunnylide  D&v llaprto Dan Roza Dan Town Diversion De Cowiche Dam Wrpltox Dm
Fish Pueaqa Fish Polaqe Fllh mrqe Purge

ladder tine the the
Pamqe Fish Prruqe Pwape

ladder lldder time time ladder the tine

A011

A0013

A090

1093

A097

A099

Al00

A101

’ A104

Al06

A107

All1

All3

A117

A119

A125

A131

A134

A136

Al37

A139

A141

A142

A144

A145

A130

A159

Left

Riqht 0.2

Laft 0.1

0.2

Right  0,4

Riqht 1.2

0.9

Riqht 0.6

Right 1.3

Left

Left

Center

Left

Riqht

Left

Riqht

Right

Riqht 0.2 Center

0.2 Left

Center

Center

Center

Center

Center

Center

Center

Center

Center

5.3

1.4

0.2

1,2

3.1

0.2

3.7

0.2

1,o

Center

Center

Center

Center

Riqht

Center

Center

Center

Center

left

0.3

1.1

CO.1

0,2

to.1

1.9

0.9

0,l

2.1

0.8

2,O

2,o

0,l

0.6

co.1

0.1

1,s

0,2

1.6

2.0

co.1

Center

Center

681

0,l

Left co.1

Center co.1

niqnt 0.3

Riqht (0.1

Center 0,l

Center 0.2

Center 2.7

Rlqht

Right

Center

Center

0.4

0.2

0.2

0.1

1,l

O,E

co,1

0.2

11.3

4.8

1,6

1.1

9.9

Yea

No

0.6

1,S

0,2

WO

WO

No

3.7

1.3 3 . 7

1.1 0.3

1.1 0.1

0.3 1.0

487

263

7.1)

0.4

4.2

6.1

0.1

0.7

NO 0.1 306



Appendix Table B (1, --Continued.

Proeeer  Dam Sunnyride  Dm Wapeto Dam Town Divereion  Dm Coviche  Den lrptox Dun

Al60

Al62

A163

A165

Al61

Al69

A112

A114

A115

A176

A144

11116

A190

Al94

Al97

Al99

A202

A204

A.205

,A207

PO0

A210

A215

A211

A220

A224

A226

left 0.3

L&it 9.6

Left

Riqht

Riqht

Center 1.0 Center

Lstt

Right

Center

(0.1 0.2

CO.1 Center CO.1 2 . 6 (0.1

0.1 csnter 0.7 8.9

Right to.1 Right  1.9

u . 2 No 0.3

IAft to.1 1.4

0.2

U,6

1.1

0 . 9

0.2

l-6

1,4

left 0.9

0,4

2 . 0

0.3

Right

Center

co.1

(0.1

Center 5.2

0.8 to.1

Left <O,l

Center 0,2

Center 0.6 1 . 0

Center 0.1 Right

Right  100 2 . 6

No 0.7

/ No 1,O

No 0.7 .

0.3

No 1.0 1.0

No 2.5

No 1.5 12 .4

5,7

2,1

O,I

3.1



Appendix Table B , 1, --Continued.

Seriel
noniw

Prorrer  Dm Sunnyeidr  Dan Wepeto  Den 1011  Da Tom Dlvereion  Den
Pirh Peeraqe FiL Pwqe Fi:h

tine
Peeeaqe parrrqe Paeeaqe

ledder tine ladder ledder tine tine t h e

Cowiche Dam
Fi,h Peeeaqe

ledder tine

Wepator Dem

pz:e

A226 4.1 4,l 0.1

A230

A233

A233

Left 6.6

Center 6.7

A236

A237

A236

1,l

Center

Center

CO.1

CO.1

No 0.4 1.0

4.6 0.1

4,l O&l

A239 5.1

A242 Center 0.6 Iaft 4.0 Right  083 0.5

A244

A247

1.1

left 1,6 Riqht

3.3

22.1 0.6



Appendix Table B&-Passage times (days) for and fish-ladder use by radio-tagged spring
chinook salmon at Yakima River Basin irrigation diversion dams, 1992,

Pro~~tr  Dam
Pirh

Sunnynib Dam
Prsuqe Pilh Prmqe

ladder tine lrdder time

Wapate DIE Rozr  Dam Town  Diversion Dam cowkhr  Dun Nrprtox  Dan
Filh hrrrqe PalBlql Pouqe Fi:h Prrage Parrrqr

ladder time tine tina ladder time tlmb

COO3

COO8

co10

co11

CO14

CO16

CO18

CD22

co23

co23

CO26

co21

co30

co31

CO40

CO42

co49

co52

co51

COSI

CO60

CO61

CO63

CO65

CO66

co10

Riqht 0.3 Let

Left 0.2 Riqht

Left

center

Left

Lett

Left

Left

Right

Left

0.3

4.9

1.2

0.1

0.6

0,2

0,2

0.4

0.5
t

Riqht

Riqht

Riqht

Right

Right

Center

Center

IAft

Center

Left

latt

0.1

0.2

Center

Right

Left

Left

Center

Left

Left

Riqht

1.0

0.4

0.2

0.9

0.2

0.3

1.6

3.2

1.0

4.1

Riuht

Center

Center

Center

Center

Center

Center

Center

Riqht

co,1

co.1

0.1

co,1

(0.1

to.1

co,1

0.3

co.1

d,l

(0.1

to.1

(0.1

0.1

<O.l

(0.1

co,1

to,1

(0.1

co.1

to,1

0.1

co,1

(0.1

Center

Center

Center

Lett

Left

Center

Loit

Center

wt

Center

Center

Center

Center

Center

Center

Center

Center

Center

0.1

0,l

O,l

0,2

0.1

0.7

(0.1

OS4

to.1

2.3

0,l

0.4

1.3

to,1

0.4

0.1

OS2

on9

O,l

1.1

0,3

I,6

0.1

0.3

1,o

4.2

0.2

1.1

0.5

O,I

1.0

l,l

0.1

0.3

O,l

3.4

0.3

(0.1

OS9

No 5,9 0,s

oa3

0,)

No 3.1 Ial

No 3,3 0.1

co.1

0.2

0.3

0.1

0.9

1.1

No 2,2 0,2

0.1

0.3

YU 1.3 2,4

NO 0.4 l,I

0.1



Appendix Table B .2. --Continued

Serial
numbsr

Proraer  Dam lunnyride Dam wapito Dlrn Roza Dan TOYS  Diversion Dam Cowiche  Dam Wapatox Dam
Fieh Daeeaqc Fi#h Paeraqe Fish Pwaqe Pauaqe Para19e Plah Ptrraqe Prmqe

ladder time ladder tin, ladder time tir tlmu ladder time tine

COB0

co91

COBS

COB8

co91

CO96

CO98

co99

Cl00

Cl03

Cl05

Cl11

Cl14

Cl17

Cl20

Cl22

Cl24

Cl27

Cl32

Cl33

Cl34

Cl40

Cl41

Cl51

Cl59

Cl62

Cl65

Riqht

Left

Right

Center

Center

Center

Left

Center

Right

Right

Right

Left

Left

Right

Left

Right

Left

Left

Left

Left

Left

Center

Left

0,3

0.2

1,O

0.5

0,3

0.1

1.4

0.4

0.5

0.1

0.4

0.5

0.S

0.1

1,o

0.3

0.8

1.2

1,o

0.7

1.9

0.3

0.2

0.2

1.3

Left

Center

Center

Center

Canter

Center

Rlqht

Right

Left

Left

kit

Center

Center

Center

Center

Riqht

Left

Left

Center

Center

LQft

Left

Center

Right

Left

left

0.1

to.1

to,1

co.1

to.1

to.1

CO.1

0,l

1.8

co.1

co.1

(0.1

(001

(0.1

(0.1

(0.1

CO.1

(0.1

co,1

(0.1

0.1

(0.1

<(I,1

0.1

0.1

1.3

Center 2.4

Center 8.3

teft 2.0

Left 5.7

Left (001

Center CO.1

Center 0,4

center 0.5

Riqht <O.l

Center 6,O

center 0.2

Center 0.1

Center 0,l

Center 0.1

Center 4.9

Center 1.0

center 0.2

Center

Left

Center

Center

Center

CO.1

0.9

0.1

CO.1

CO.1

0,s

0.1

1.9

0.1

1.5

8.6

0.2

5.7

0.9

0.1

3.2

O,l

2.6

0.7

4.6

0.1

0.4

0.1

0,4

0.6

0.a

0.3

0,4

NO

No

0.2

N O

0.1

1.4

0.1

0.2

hl 0.5

0.1

0.5

0.6

Q!4

0.u

YeI 0.2

RR 0.9

0.2

CO.1

1.3

0.2

Yei

Yer

2.0

1.3

0.9

4 . 1

0.2

1.7

3.1

1,O

10.4

5.2



Appendix Table B .2. --Continued

Serial
nudbor

Promer Dam Sunnylide  Do
Pith P4IIrqe FiIh

time
P4IIIqe

lrdder ladder tine

Wapato Dam ROII  Dim Town  Diver&an Dam Couiche  Dm Yqdtox Du
Fish Prraaqe Pawage Pirlaqe Fi#h Pawaqe Palrage

ladder t@ tin4 tha ladder the thJ

Cl66

Cl67

cl69

Cl70

Cl71

Cl72

Cl73

Cl75

c210

c220

c222

C225

c227

C228

C229

~230

c231

C231

c231

c239

C240

t241

C242

C245

c257

Right

Left

Center

kft

Riqht

ldtt

L4it

Lltt

Riqht

Right

Left

Left

center

Left

Left

Right

Right

Center

Left

Left

Left

Right

Left

Left

I,4

0 . 2

0 . 3

2 . 3

1 . 5

1 . 6

0.2

0,3

0 . 9

0 . 2

0,2

0 . 6

p-4

0.2

0.4

2 . 5

1 . 3

2,l

3 .5

0.2

0.2

1.0

1.2

6.0

009

Center to,1

Center 0 . 6

Center 0,3

Right 0 . 1

Riqht 006

Center 0 . 1

L4ft co,1

Riqht

Left

Center

Center

Center

Center

Center

Center

left

Center

Center

0,l

to.1

to,1

co,1

0.1

co.1

(0.1

to.1

co.1

co.1

1.6

0.4

( 0 . 1

co.1

co.1

co.1

<O.l

Right

Left

Center

Center

Center

Center

Left (0.1 4.7

l&tt to.1 0.S

Riqht 6.7 1 . 6

Left 6.1

Center

Center

lmft

Center

Left

Center

Center

0 . 9

co,1

3.5

0.3

0.1

0.1

5.7

co.1

co,1

0.1

0.3

0.5

O,l

0,l

(0.1

1.5

0 . 3

Canter

Center

Center

Center

left

Center

Center

4.1

0 . 3

1 . 2

0.1 0.2

0.3 CO.1

0.4 0.4

2 . 6 0 . 1

O,l

0.1

0.3

to,1

OS2

0,2

Q,3

Yea

N o

Yea

NO

NO

Yea

NO

0,I 10.3

0,3 0.6

1 . 1 4.6

0 . 1 4.5

0.1 4.2

0 . 9 10.4

0,l 7.1

N O 0 . 9 14.2

No 2.0 3.0

NO 0.2

No 7.4 0.2

4 . 1



Appendix Table B (2 . --Continued

Serial
numta

Promr  Duo
Fieh

Sunnyelde Den
PllSlgO Fish PUM(1

ladder time lrdder tim

Napto Dam
Filh

ltddor

cm Left 0 . 9

C263 L4tt 2 . 1

C266 Center 3 . 6

C267 Left 1.4

C268

C269

C271

C272

c213

Riuht

Center

c275

C282

C286

C208

C209

C290

C292

C296

CM0

c303

ml4

C306

c309

c311

Left

Left

Left

Left

Left

Left

Left

Left

Center

Left

0.4

0.4

0-a

0,l

0.2

0.3

1.5

1.5

0,6

0.6

0 . 6

0.7

Left

Right

c314

Left

Left

Left

no2

0.3

Q.2

0.3

0.1

Center a.1

Center (0.1

Right to.1

Center -3.1

Left to.1

Left CO,1

Center (0.1

Center co,1

Center (0.1

Center to.1

Right CO.1

Left (0.1

Centu x0,1

Left CO.1

Canter a,1

Left 0.1

Left (Q,l

Center co.1

Left Q,2

Center (Qal

Right 0.1

Centtr CO,1

Center 0.1

Centar 062

Left 0.2

Center 081

Center (0.1

Center 081

Left <Q,l

Center 0,l

Center

Center

Center

Right

Left

Center

Center

Center

0.3

0.3

0.3

0.3

0.1

0.7

0.4

0.1

2 . 6

0.1

0.1

Q,l

3,l

0.1

0.5

1.7

2 . 9

3 . 5

1 . 2

1 . 0

0.1

0.5

1.5

066

N O 2,6

0 . 1

Ye1 0 . 5

(0.1

Q,l

0.1

0.4

(I.1

No 0.3 4,Q

No 1.3 1 . 2

0.3

0.6

No 1.0 s,o

44,9

5.0

05
0

NO 0.8 4.6

YES 1.8 1 . 4

1.0
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Appendix Table C.l.--Migration times (days) between dams for
radio-tagged spring chinook salmon in the
Yakima River Basin, 1991.

5.6 0.2

1.7 0.4 2.2 2.5

4.0 0.2

4.5 0.1

3.2 0.1

4.1 0.5

3.7

4.2

6.1

A002

A003

A005

A008

A009

A012

A014

A.016

A026

A033

A034

A031

A040

A041

A044

A045

A046

A049

A053

A066

A.066

A070

A072

A075

A077

A079

A081

A063

3.4

8.8

3.9

5.0

5.4

2.7

5.5

3.0

5.7

3.0 5.0

3.0 13.9

-2.6 6.3

0.2 1.8 6.2

0.4 1.6

6.2

0.2

0.2

0.1

2.9

1.0

1.5 4.6

3.3

0.2

0.7

16.2

1.7

A090

A093

A097

A099

Al00

Al01

A104

A106

A107

Al11

All3

A117

3.3

4.7

4.9

0.4 6.6

3.1

9.7

7.01.7

4.1

2.7

1.7

0.2

0.2

0.4

1.0

0.3

4.6

4.02.4

0.7
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Appendix Table C.l.--Continued.

Serial
nuaber

Presser  Dam Sunnyside  Dam wapato  Dam Rclll D&n Wapato Dam Cowiche Dam
to to to to to to

Sunnyside Dam Wapato Dam IIora Dam Town Diveraim  Dam Cowiche Dam Wapatox  Dam

Alla

Al25

A131

A.134

A136

A137

Al39

Al41

Al42

Al44

Al45

Al50

Al59

A160

Al62

Al63

Al65

Al67

Al69

Al72

Al74

Al75

Al76

Al 94

Al96

A190

Al94

Al97

A199

A202

A204

A205

A207

A208

A210

A215

A217

A220

A224

A226

A2.26

0.7 0.3 2.4 4.2

5.4 6.2

3.3 0.4

4.4

5.5

2.5 0.6

3.1

1.9 1.90.1

0.9

0.9

6.9

4.6

3.5

0.2

6.4 10.6

7.3

3.0 2.5

0.7

0.3

2.9 5.0

2.2

1.3

3.2 9.6

*.3 10.3

4.9

1.1

0.8

4.6

0.3

3.2

I.4 3.2

0.1

3.2 0.0

8.1

4.7

5.7

4.6
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Appendix Table C.l.--Continued.

Serial
number

A230

A233

A235

Prossar  Dan llor. Dun Cowiche  DamSunnyside  Dam mpato Dal
to

Wapato  D.n
to to to to to

Sunnyaide  Dan *apat Dam Roza mm Tom Diversion Dam Cowiche Dam Wapatox Dar

2.6 4.2

3.0 4.2

A236

A237 7.3

A239

A239

A242 1.3 0.7

A244

A247 4.2 4.3
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Appendix Table.C.2. --Migration times (days) between dams for
radio-tagged spring chinook salmon in the
Yakima River Basin, 1992.

serial
n-r

Prorser  Dam Sunnyside Dam Waprto  Dam itO? Dal "apato Dam Cowichc Dar
to to t o to to to

Sunnyride  Dam "apat Dan Roea Dam Town  Diversion Dam Coriche  dam Wapatox Dam

coo3

COO8

co10

co11

co14

CO16

co19

co22

CO23

CO25

CO26

CO27

co30

co31

co40

CO42

co49

CO52

co57

co59

CO60

CO61

CO63

CO65

CO66

co70

COB0

co91

co95

co**

co91

CO96

co9a

co99

Cl00

Cl03

Cl05

Cl11

Cl14

Cl17

Cl20

Cl22

5.4 0.3 2.3

4.3 0.1 1.5

3.2

2.3

3.9

2.4

2.9

5.6

2.6

2.0

5.0

0.4

0.1

0.1

co.1

0.3

1.9

1.4

2.9

7.2

0.7

0.2

0.1

2.9

2.0

2.5

9.2

6.2

3.1

2.2

4.6

2.7

2.6

2.5

4.2

6.3

4.9

3.0

3.4

2.4

3.0

2.6

1.9

4.3

3.6

2.5

0.1

0.1

0.2

0.1

0.2

0.1

0.2

0.2

0.1

1.5

2.7

2.6

2.0

1.9

1.6

1.3

0.4

to.1

0.4

1.1

3.0

5.2

0.1

0.3

0.1

0.1

0.1

0.3

3.1

0.4

0.6

0.1

0.3

0.3

0.2

0.1

1.9

1.6

1.5

7.0

0.9

3.4

4.2

6.6

2.2

5.4

2.2

2.5

1.9

3.1

5.3

5.5

5.2

1.7

6.1

3.1

2.9

2.9

0.9

4.4

4.0

5.6

5.2

2.1

2.6

2.3

3.9

5.7

1.1

5.3

7.4

3.5

5.1

4.1

4.3

1.5

1.1

4.3

1.3

3.1

1.5

6.4

1.7

2.3

6.4

4.1

3.1

19.5

3.4

2.6

9.7

7.0

7.9

5.4

e.7

9.e

2.3



85

Appendix Table C-2.--Continued.

serial
number

Pros9er  Dam Sunnyride  Dam W.p.to  Dua Roz. D.m W.p.ato  Dam Couiche  Dam
to to to to to to

Sunnyside Dam Napato Dm RO,.. Dam TOW, Divernion  Dan Coriche  dam Map&ox Dam

Cl24

Cl27

Cl32

Cl33

Cl34

Cl40

Cl42

Cl51

Cl59

Cl62

Cl65

Cl66

Cl67

Cl69

Cl70

Cl71

Cl72

Cl73

Cl75

C218

c220

c222

‘C225

C227

c229

C229

C230

C231

C237

C238

C239

C240

C241

C242

C245

C257

C261

.C263

C266

C267

C26S

C269

C271

3.3

3.4

2.9

3.6

2.4

3.3

2.5

3.1

2.5

2.9

2.2

2.4

2.9

'5.3

7.0

6.0

3.0

1.7

3.4

3.5

2.2

4.3

4.5

7.1

2.1

6.2

2.7

1.3

4.3

3.4

3.1

4.6

6.5

5.4

4.9

3.2

2.9

2.2

1.1

4.7

0.1 9.7 5.7

0.3 1.7 3.4

0.4

0.1

0.1

2.5 2.9

6.1

0.9 1.1 3.7

co.1 0.4 6.2

0.2 1.6

0.1 2.1 3.5

0.1 1.3 14.7

0.1

0.2 3.9 3.9

0.1

0.2

0.1

0.2

0.1

0.2

0.2

2.3

0.1

0.1

1.0

0.1

0.4

0.1

1.2

0.1

0.1

0.1

0.2

0.1

0.1

2.9

2.2

4.1

5.9

2.9 3.3

1.9

4.7

1.7 3.3

7.3

2.1 5.0

2.5

3.1

0.* 3.5

I.4 1.8

3.7 3.6

1.7

1.4

6.6

5.5

2.0

0.7

7.0

1.1 5.5

1.7 4.6

0.7 3.0

2.5 3.5

4.0

1.9 5.6

1.7 4.8

3.7

1.1

1.9

3.0

5.0 2.4

6.4 6.3

1.5 2.9



86

Appendix Table C.2.--Continued.

serirl
number

Pro“er D.m Sunnyside Dam
to to

Sunnyride  Dam “.pato  Dan

Il*p.to  Dan Ror.  Dam **p&o D.rn Couiche  Dan
to to to to

Rot. Dan Town Diversion Dan Coriche  dam l‘apatox Dam

c272

c273

c275

c292

C286

C296

C289

C290

C292

C296

c300

c303

c304

C306

c309

c311

2.4

4.4

2.0

5.1

3.9

2.2

6.9

4.9

3.7

2.4

3.9

2.5

5.9

5.3

0.1

0.1

0.1

0.4

0.2

0.2

0.2

0.1

0.1

0.1

0.3

1.6 2.1

2.3 5.2

6.1

22.7

1.9 3.1

5.6 2.2

2.0

1.2 1.5

3.6

5.7

12.2

1.3 3.1

0.5 9.4

1.1 7.4

c314 1.6 0.7



Appendix Table D.--Prespawning and spawning behavior, and habitat utilization, of radio-
tagged spring chinook salmon in the Yakima River Basin, 1992.

Serial Days Holding Prespawning Holding Holding Holding location Spawning location
number migrating dates

Spawning
behavior coveP habitat River name RKm River name RKm dates

coo3

.
cooe

co11

co14

CO16

CO18

co22

CO23

CO25

CO26

CO27

co31

co40

CO42

co49

CO52

co51

CO60

CO63

CO65

CO66

co70

CO80

CO81

CO85

CO88

co91

,

34 6/l-10/2

40 6/1-O/11

100 6/27-1013

51 6/19-O/25

32 6/Z-8/19

53 s/30-,117

40 6/3-9/E

34 6/3-O/27

41 6/10-9/l

59 7/16-e/5

EC 7/24-9115

I4 5/26-9/25

22 5126-9117

41 6/9-9/21

29 5126-913

37 613-9117

22 s/29-9/11

4s 6115-9115

19 6/3-10/l

35 5/29-9/17

36 6/Z-8/5

61 6123-9129

35 S/l&s/15

14 5/m-9/11

20 5/1a-9116

79 7124-913

26 6/3-B/14

depfturb

ub

0"

ovhb

mn/ub

ub

0"

ov/ub/m

d=p

ub

0"

ovhb

d=p

turb/dep/sub

subfturb

d=p

ovfub

ub

ub/wm

we

wm/ov/dep/ub

wmldep

ubfov

ub/ov

turb/ub

R.pidr

Riffle

Riffle

Riffle

PO01

Riffle

Riffle

Glide

Glide

Glide

Riffle

Riffle

PO01

Riffle

PO01

R.pidr

PO01

Riffle

Glide

Glide

Riffle

Riffle

Riffle

Glide

Riffle

R.pids

Cl. Elw River 8.0 Cle Elm River 0.0

Cl, Elw River 11.0 Cle Elm River 12.9

Cle Elm  River 9.7 Cle Elum River 9.7

Yakirna River 299.7 Y.kim River 209.7

Americ*n River 9.7 American  River 9.7

Y.kim River 280.1 Y.kim. River 288.1

Cle Elum River 6.4 Cle Elum Rivmr 8.0

N.ches River 46.7 R.ttlo~n.ke  Creek 1.6

Bumping River 2.7 Bumping River 2.7

Yakha River 297.7 Y.kirm River 307.4

N.ches River 56.3 Naches  River 69.2

Yakinn River 294.4 Yakima  River 294.4

Y.kilai River 286.4 Y.kh River 291.3

Ylkirm. River 323.5 Yakha River 323.5

Y*kim River 294.5 Y.kim River 310.6

Cle Elum River 12.9 Cle Elum River 12.9

American River 8.0 American River 10.1

Yakima River 321.9 Yrkima River 323.5

Yakim River 289.7 Y.kirm River 190.0

Nlchel River 54.7 Naches River 54.7

American  River 12.9 Americm River 14.5

Y.kirm River 317.q Yakima River 317.0

Yakima River 315.4 Y=kima  River 323.5

Y.kima River 297.7 Yakim River 305.8

Yakinn River 297.7 Ylkima River 313.8

Yakima River 288.1 Y.kimi River 304.2

Cle Elum River 1.6 Yakima River 299.3

8/11-10/Z

B/11-9/8

a/25-9/25

E/4-3/19

9/O-10/2

e/27-9/17

E/25-9/9

9/23

a/25-9/15

S/25-9/25
co

9/25 -4

9/21

9/3-9/29

0/11-8122

9/l+lo/O2

9/25

8/5-O/11

9121

9/16-9/22

9116

9/17-9122

8127-9117



Appendix Table D , --Cont intied.

Serial Days Holding &spawning HU~I Holding Holding location Spawning location
number migrating’ dates

Spawning
behavior habitat River name RKm River name RKm dates

CD96

co91

co99

Cl00

Cl03

Cl05

Cl11

Cl14

Cl17

Cl20

Cl22

Cl24

Cl27

Cl32

Cl33

Cl40

Cl42

Cl51

Cl59

Cl62

Cl65

Cl66

I Cl61

Cl69

Cl10

Cl11

Cl12

Cl13

20 S/l-6/9

47 s/9-9/17

35 5129-6114

16 619-913

43 613-9124

34 613-9114

31 613-9127

22 s/29-9126

20 5/w913

22 S/26-10/9

24 S/14-9125

35 613-9117

25 1/26-9/21

21 S/14-10/6

2s 6/9-9f 16

23 s/14-9110

51 6124-913

3 1 ‘S/29-8/19

24 w-9/25

3 1 S/25-9/21

59 7124-9117

1 6 s/26-9/23

511 l/16-9/21

34 m-814

55 S/30-9/3

Gradual  mlqntion

Stationary

Stationary

Strtionrry

Stationrry

Strtionrry

Stationrry

Stdwy

stationrry

Stationery

Shtionrry

Stationary

Stttionary

Strtionrry

Strtionrry

Stationary

strt1onary

Stationery

Strtionary

Stetionary

Stationary

Stationary

statlonrry

strt10ntry

Statimry

stationary

Gradual laigrction

Gradual niqretion

deplturb

ovlub

deplturb

ub/m

W’

ublwnlov

m

ub

m

ublm

OV/Ub/SUb

rubldep

euhlturblov

dub

UblidOV

alov

ub

ublmfov

turbleub

turb/ov

Riffle

Glide

Rapids

Riffle

PO01

Riffle

PO01

Glide

Riffle

Riffle

PO01

Riffle

Pool

PO01

Riffle

Glide

Riffle

Riffle

Riffle

Riffle

Riffle

R i f f l e

Rattleenrke  Creek 3 . 2

Yakirpl  River 320.3

Bumping River 302

Ytkinu R i v e r 2 9 1 . 7

Yak&v River 254,3

Nlchee  River 40.2

Yrkima  River 299,7

M&can River e-7

Yrkh  River 297,7

Yikh Rivtr 272.0,

Yakim River 294.4

Cle 61~ River 3 . 2

Ytkimi River 315 .4

h’rcher  River 27,4

Yakima  River 312 .2

Yakh River 325.1

B!mping  River 3 . 2

American River 1 2 . 1

Yakha  River 216 .4

Yakh River 324.3

Yakhi  River 254.3

Ytkh  River 297.1

Ytkh  R i v e r 296,1

Nacher  River 6152

Yakima  River 305,a

36.6

Yakh  River 320.2

Bumping River 19,s

Yakh River 304.2

Nacho:  River 39.4

Yakim R i v e r 249-1

herfcm R i v e r 9.0

Ytklm River 304.2

Ytkh  River 212,o

rrkh River 214-l

Ne Elum River 3,2

Yakha River 313.4

Yakima River

Yrkimr  River

BunpIn  River

American River

YAna  River

Yskh  River

312,2 S/l6

323.5 911s

342 4/25-9/l

1 2 . 9 a/19

246.4 9f25

323.1 9121

Yakha  River

Ylkim River

Little Nrchev River

Yakh River

299.3 9123

294,s 9t21

6.4 9110

313,s 9/3-9/30

American River

Bunping River

4.6

1 6 . 0

9/14

1126-W

9122.9123

9114

9117

9/19

9121

9117

9121 :

911

9/9-9/H
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Appendix Table D.--Continued.

Serial Days Holding Prespawning Holding Holding Holding location Spawning location Spawning
number migratinq  dates behavior covei habitat River name RKm River name RKm Dates

cz1e

c220

c222

c 2 2 5

C227

C228

c229

c230

c 2 3 1

C237

c238

c 2 3 9

C240

C241

C242

C245

C257

C261

C263

C266

C267

C260

C269

C271

c272

c 2 7 3

cze2

C206

32 5/29-of19

34 5/26-9/  23

20 6/3-E/21

2 0 6/10-9/29

34 6/3-9/11

45 6/19-E/26

32 5/29-9/3

2 5 5/26-E/26

31 5/29-9/3

18 5/13-E/26

4 0 6/30-9110

2 7 5/26-S/21

90 7/30-e/27

31 5/29-0127

10 5/9-9/Z

4 6 6/9-e/20

54 6/15-9116

2 2 5/26-9110

3 6 6/2-E/16

31 5/29-e/14

16 6/3-9129

19 5fie-9125

3 5 6/3-9/25

4 2 6/3-7/31

s t a t i o n a r y ub/ov

G r a d u a l  migration

s t a t i o n a r y s u b

stationary turblwb

s t a t i o n a r y

s t a t i o n a r y turb/ub/ov

G r a d u a l  m i g r a t i o n

s t a t i o n a r y s u b

s t a t i o n a r y tub/sub

S t a t i o n a r y turb

G r a d u a l  m i g r a t i o n

s t a t i o n a r y ov/ub/turb/sub

s t a t i o n a r y m/ov

s t a t i o n a r y

s t a t i o n a r y

s t a t i o n a r y 0”

Strtionaey u b

s t a t i o n a r y

stationary lndov

stationary vdov

stationary

Gradual  migration

stationary dep

stationary 0"

stationary ublov

s t a t i o n a r y ov/ub/m

stationary

stationary

G l i d e American River 11.3

Rapids Rattlesnake Creek 2.9

R a p i d s Cle Elum River 6 . 4

PO01 Naches River 5 3 . 1

Riffle Yakima River 2 2 9 . 3

R a p i d s Yakha River 2 0 9 . 7

Ritfle Naches R i v e r 4 0 . 3

Riffle Yakha  R i v e r 2.96.  1

Riffle

Rifrle

Riffle

PO01

PO01

PO01

Little Naches River 3 . 2

Y a k i m a  R i v e r 2 9 7 . 7

Yakima  R i v e r 2 9 7 . 7

Y a k i m a  R i v e r 3 2 1 . 9

Y a k i m a  R i v e r 3 0 5 . 0

Rattlesnake Creek 4 . 0

Yakim River 2 0 2 . 8

Yakim  R i v e r 3 1 7 . 0

Y a k i m a  R i v e r 3 1 7 . 0

Y a k i m a  R i v e r 3 2 0 . 7

PO01

Riffle

Riffle

Riffle

Riffle

Y a k i m a  R i v e r 3 2 5 . 1

A m e r i c a n  River 1 1 . 3

Y a k i m a  R i v e r 310.6

Yakha R i v e r 209.6

Y a k i m a  R i v e r 209.6

Y a k i m a  R i v e r 2 6 5 . 5

ulericm R i v e r 11.3 e/4-e/ii

Naches  R i v e r 5 4 . 7 6124-9117

Rattlernake  C r e e k 3 . 2 O/27-9/17

Yakh  River 3 0 0 . 9 9/3

Nlches  R i v e r 5 4 . 2 9/29

Yakh  R i v e r 2 2 9 . 3 9/17

Little Nachea River 9 . 6 9/l

Yakha R i v e r 2 2 9 . 3 a/27-9/3

R a t t l e s n a k e  C r e e k 0 . 0 9/17

Yakima  River 3 0 9 . 0 9/16

Yakima  R i v e r 3 0 5 . 0 B/25-9/  10

Little Naches River 3 . 2 9/25-9/l

Yakhe River 3 2 3 . 5 g/17-9121

Yrkima  R i v e r 2 9 7 . 7 9/17

Yakima  River 321.9 g/21

R a t t l e s n a k e  C r e e k 4 . 6 9/11

Y a k i m a  R i v e r 3 2 3 . 5

Yakima  R i v e r 3 1 2 . 2

Yakimr  R i v e r 3 2 3 . 5

Crow  C r e e k 1 . 6

9/14-9/17

9/16

9/15

A m e r i c a n  R i v e r 1 1 . 3

Y a k i m a  R i v e r 3 1 5 . 4

Y a k i m a  R i v e r 2 0 9 . 7

Y a k i m a  liver 2 0 9 . 6

Y a k i m a  R i v e r 2 8 3 . 2

6/4-0/21

g/10-9127

9125

a/11-9125



Appendix Table D ,--Continued,

Serial Days Holding Prespawning Holdin
number migrating’ dates behavior cove rs

Holding Holding location. Spawning location Spanning
habitat River name RKin River name RKm Dates

WI

CD9

C290

C292

C296

C303

C304

Cl09

Cl11

c314

29 613-9111

5 5 6110-8126

2 1 b/3-9/14

42 611Q-114

19 6/9-9/l?

2 4 5/wS/l?

13 S/l-9/9

3 1 61%9/28

21 5126-9121

ftationary

statianary

Strtimry

stationary ovlturb

strtionrry ublov

strtionaty

stltioncry ov/turbhb

stationary

Gradual niqrltion

Stationary OV

Riffle

Rapid1

Riffll

Rift10

Glide

Yikh River

American River

rakh River

Amtricsn  River

Yakims  River

Yakh  R i v e r

Bumpinq  Rivu

Nachos River

R i f f l e hkiau  River

296.4

Q,8

266.4

3.2

216,l

266,d

3*2

48.3

323.5

Yskinu  Rivnr 294.5 9111

kderiun  River O,I

tmricrn River 4.1 Sl4;Sll

Bumpinq  River 694 9/9

Ych01 River 46.3 9114

Nachos River 6982 911

Yakima  Rim x3,5 9121

’ Days Higrating  - travel tine from release ta arrival at prelpauninq  haldinq area.
’ Holding Cover: dop = depth

DV  m overhanging vaqetation
rub - substrate
turb = turbulence
ub - undercut bank
ma l woody naterirl



91

Appendix Table E.l.--Daily fish-ladder counts of spring chinook
salmon passing Prosser Dam, Yakima River,
1991.

Date Right Bank Center Left Bank Denil Total

2
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Appendix Table E.l.--Continued.

Date Right Bank Center Left Bank Denil Total

1

2
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Appendix Table E.l.--Continued.

Date Right Bank Center Left Bank Denil Total
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Appendix Table E.2. --Daily fish-ladder counts of spring chinook
salmon passing Prosser Dam, Yakima River,
1992.

Right Bank Left Bank Total

1 , I
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Appendix Table E.2.--Continued.

Date Right Bank Center Left Bank Denil Total



9 6’

Appendix Table E.2.--Continued.

Date Right Bank Center Left Bank Denil T o t a l

3

2

1

1

3



97

Appendix Table F.l. --Denil operation at Prosser Dam to collect
spring chinook salmon, 1991.

Date
Start
t i m e

s t o p Total Start s t o p Total
t i m e timefhours) Date t i m e time time (hours)

29 *pr

30 A&x

01 nay

02 nay

03 my

0. n a y

05 n.y

0 6 May

07 n a y

09 nay

0 9 n a y

10 nay

11 nay

12 nay

13 nay

14 nay

15 nay

16 May

17 my

19 nay

1 9 n a y

2 0 n a y

21 n a y

2 2 n a y

2 3 n a y

2 4 my

2 5 n a y

2 6 My

2 7 Way

05:30

05:lS

00:30

00:30

00:30

00:30 16:OO

00:15 1 6 : 0 0

00:30 1 4 : o o

05:oo 2 0 : o o

04:oo 2 0 : o o

05:oo 19:oo

OS:00 19:oo

05:oo 2 0 : o o

05:oo 1 9 : o o

OS:00 16:OO

05:oo

13:30

07:oo

05:30

14:oo 6.5

14:oo a.0

16:30 16.0

15:oo 1 4 . 5

06:oo 7 . 5

16:OO

19:oo

19:oo

15:oo

15.5

15.6

13.5

15.0

16.0

1 2 . 0

1 2 . 0

15.0

12.0

11.0

11.0

5.5

12.0

9.5

29 nay

30 nay

31 May

01 Jun

0 2 Jun

03 J""

0 4 J""

0 5 JUn

0 6 Jun

0 7 J""

09 J u n

0 9 JIB-I

10 Jun

11 J""

12 Jun

13 Jun

i4 Jun

15 Jun

16 Jun

17 Jun

16 J""

1 9 Jun

2 0 JUi-8

2 1 Jun

2 2 Jun

2 3 Jun

2 4 J"n

2 5 Jun

2 6 Jun

OS:00

05:oo

05:oo

05:oo

07:oo

05:oo

05:oo

05:30

OS:00

05:oo

05:oo

05:oo

05:oo

os.:oo

05:oo

05:oo

05:oo

05:oo

05:oo

05:oo

19:oo 17.0

19:oo 17.0

1 9 : o o 1 7 . 0

19:oo 17.0

16:30 11.5

2 0 : o o 16.0

2 0 : o o 16.0

*o:oo 17.5

2 0 : o o 16.0

16:OO 1 6 . 0

12:oo 7 . 0

11:30 6 . 5

11:oo 6 . 0

11:oo 6 . 0

12:oo 7 . 0

1 2 : o o 7 . 0

14:oo 9 . 0

1 2 : o o 7 . 0

1 2 : o o 7 . 0

12:30 7 . 5

2 6  my 05:oo 19:oo 17.0 2 7  Jun 05:30 1 2 : o o 6 . 5
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Appendix Table F-2. --Denil operation at Prosser Dam to collect
spring chinook salmon, 1992. ,

Date
Start s t o p

Time 1 Time 1
Start
Time 2

s t o p

Time 2
Total

time (hours)

13 *gBr

14 Apr

15 Apr

16 Apr

17 Apr

2 0 ApI

2 1 Appr

2 2 Apr

2 3 Apr

2 4 Apr

2 7 APT

07:17

07:35

08:OO

ON:30

07:30

07:os

06:OO

0 6 1 0 0

06:OO

06:OS

06:OO

13:oo

10:30

13:oo

12:45

15:oo

12:30

18:OO

15r35

11:30

09:10

06:45

12:lO

10:55

1 7 : o o

12:30

5 . 7

2 . 9

5 . 0

4 . 2

7 . 5

5 . 4

1 2 . 0

9 . 6

5 . 5

6 . 9

4 . 3

2 8  Apt 06:OO 09:52

2 9 Apr 06:lS IS:25

3 0 APT 06:OO 09:23

01 May 06:OS 09:47

0 4 n a y 06:07 07:12

0 5 n a y 11:30 12:55

06l4ay 09:os 14:os

0 7 l4.y 0 9 1 0 0 12:30

0 8 my IO:45 16:OS

11 nay 09:03 09:56

12 nay 09:JO 11:21

13 May 09:25 09:42

14 l4.y 09:30 1 5 : o o

15 l4.y 10:40 13:06

3 . 9

9 . 2

3 . 4

3 . 7

2 . 1

1 . 4

5 . 0

3 . 5

5 . 3

0 . 9

1.9

0 . 3

5 . 5

2 . 5

1.0

2 . 6

18 nay on:57 lo:oo

19 nay 09:16 11:so

21 nay 09:12 12:lS 3 . 0

2 2 n a y 09:20 12:20 3 . 0

2 6 l4.y 11:07 14:35 3 . 5

2 6 my 04:47 1O:lS 5 . 5

0 2 Jim 01:so 06:40 4 . 0

0 3 Jun 1O:ll 13:27 2 . 3


